We analyze the puzzle of the dimuon CP asymmetry in B s decays in two Higgs doublet models.
I. INTRODUCTION
The D0 collaboration has measured the like-sign dimuon charge asymmetry in semileptonic b-hadron decays A b sl . The following result has been reported [1] :
A b sl = −0.00957 ± 0.00251(stat) ± 0.00146(syst).
(
The like-sign dimuon charge asymmetry A b sl for semileptonic decay of b hadrons is defined as
where N 
This asymmetry can be written as [2] 
where the mass and width differences between B q mass eigenstates are given by
and M are aligned at the leading order due to the unitarity of the quark mixing matrix, and thus, the phase φ q is small irrespective of the individual phases, In this paper we show that the flavor changing neutral current (FCNC) induced by the Higgs coupling in two Higgs doublet models (THDM) can provide a solution to the dimuon charge asymmetry puzzle by enhancing Γ s 12 . The THDM is classified by the selection of the Higgs couplings to fermions. We will consider a general type of coupling (so called type III THDM) to obtain an appropriate FCNC source to modify Γ s 12 . We enumerate the experimental constraints and investigate if there is room to enhance Γ s 12 to achieve the D0 result of the dimuon asymmetry. We will obtain the operators generated by charged Higgs exchange which can enhance Γ 12 . To accomplish this, suitably large Higgs couplings to the first and second quark generations needed. Such couplings can, in addition, lead to an excess of Higgs decays into dijets. Indeed, the CDF collaboration has recently reported a 3.2σ excess in the 120-160 GeV range in the invariant mass distribution of the dijets in association with a W boson [6] . The excess may be explained by the Higgs decays to dijets via the new Higgs couplings.
The presence of two Higgs doublets is required in supersymmetric models and in models with the left-right gauge symmetry SU(2) L × SU(2) R × U(1) B−L [7] . We briefly explore if the left-right symmetric model can explain the large dimuon asymmetry consistent with other experimental constraints.
II. DIMUON ASYMMETRY IN TWO HIGGS DOUBLET MODELS
The two Higgs Doublet Model is an extension of the SM that naturally introduces a new source of CP violation and FCNC [8] . In this class of models, the most general renormalizable and gauge invariant Yukawa interactions are given by
where the Higgs fields
, e) are 3 × 3 matrices with a generic flavor structure. In this case, the fermion masses are given as
In the basis where the mass matrix is diagonal, FCNC interactions through the neutral
Higgs (H and A) exchange are generated from the mismatch between the diagonalization of the mass matrices and the Yukawa interactions. For instance, couplings like 
where r s = |1 + M 
(b
is generated through the charged Higgs exchange with the coefficient:
As we will see below, this is the preferred operator for modifying Γ
This operator can modify Γ 
can be generated through the neutral Higgs exchange. We note that both operators are needed to modify Γ
Thus, due to the experimental bound on Br(B s → µµ), the quantity Br(B s → τ τ ) cannot be large enough to modify Γ s 12 . In the case of neutral Higgs exchanges, Γ 12 is modified at one-loop level while ∆b = 2 operator to modify M s 12 is also generated through the neutral Higgs exchanges at tree level. Therefore, to obtain a sizable Γ s 12 contribution, a large M s 12 is also generated, which is unwanted.
Next we consider the following experimental constraints:
The constraints from two body decays into mesons and leptons are studied in [10] , and the allowed operators for ∆b = 1 arē sbcc,sbτ τ,dbcu.
In the MSSM, it is difficult to enhance the ∆b = 1 operators selectively because the interactions are related by known (or constrained) coupling constants.
The non-holomorphic Yukawa coupling Y ′ u can also contribute to the charged Higgs interaction and lead to an important effect on b → sγ. In a non-SUSY type II 2HDM, the charged Higgs has to be heavier than ∼ 350 GeV to agree with the experimental measurement of b → sγ. However, in our case, this constraint can be relaxed by a small
The b → sγ process also constrains the large log contribution due to the renormalization group evolution below the W boson mass [11] . The b → sγ constraint disfavors the neutral Higgs contributions. This is due to the fact that the operators The above constraints imply that the only possibility left is the charged Higgs exchange
The coefficients of these operators are obtained, as in eq. (14), and they are proportional to X ib X * jq , where
T V ] ij . In order to generate the operatorssbcc anddbcu, we need X cs , X cb and X ud . The condition X cs ∼ X ud can make these effective operators comparable to keep the lifetime ratio τ Bs /τ B d .
The condition can be satisfied when
is sizable, one needs fine tuning to obtain the proper up quark mass. This can be relaxed if tan β is large.
The Γ s 12 contribution is estimated as
where
). The contribution to the dispersive part of the mixing can be written as simplicity. We choose the charged Higgs mass to be 160 GeV.
In order to modify Γ s 12 , we need Y ′ u whose magnitude depends on the charged Higgs mass m H . As previously mentioned, we need to fine-tune in order to obtain the proper up quark mass in order to satisfy the lifetime ratio. The fine-tuning can be relaxed when the charged Higgs is light. However, the constraints from B − → τν and B → Dτν should be taken into account [13] . In a general 2HDM, the non-holomorphic coupling ℓτ c H * u can contribute to the τ mass, and thus the ℓτ dijet events produced by Higgs decays associated with W /Z gauge bosons. Recently, the CDF collaboration has reported an excess of dijets associated with W boson (which decay into ℓν) [6] . The excess in the dijet mass distribution is in the 120-160 GeV range, and it can be explained if the Higgs boson mass is about 150-160 GeV (the peak of the dijet mass distribution shifts to lower mass due to cuts). We note that the bottom quark mass should be generated by q In the left-right symmetric gauge theory (LR model), the gauge symmetry is extended to [7] . In this model, a number of Higgs fields and couplings are usually needed in order to obtain the required quark masses and CKM mixings. The Higgs couplings can generate FCNC, which can affect the dimuon asymmetry, as described in the previous section. In addition, the SU(2) R gauge bosons can also contribute to Γ s 12 and M s 12 [16] . Let us estimate the contributions of these gauge bosons to the mixing amplitudes.
where V L and V R are the left-and right-handed quark mixing matrices, g L,R are the gauge coupling constants, and M W L,R are the masses of the W L,R gauge bosons (in general, these bosons can mix). We have used here the unitarity of the quark mixing matrices: V * uq V ub + V * cq V cb + V * tq V tb = 0. Note that the M 12 contribution from the RRRR operator is tiny because of the unitarity of V R and m u,c,t /M W R ≪ 1.
where the loop functions A 2 and F can be found in [17] . Note that the contribution to Γ q 12 via the LLRR operator can be negligible because charm or up quark masses are inserted (or
As a result, we obtain
The correction to Γ q 12 should be less than about 30% when |M 
